who retired between 1963 and 1982 and were still alive on 1 January 1988. A spirometric examination was performed on 68-4% of them in the occupational health service. Occupational exposure to respiratory hazards throughout their career was retraced for each subject. No adverse effect of occupational exposure on ventilatory function was found. Ventilatory function was, however negatively linked with smoking and with the presence of a respiratory symptom or discrete abnormalities visible on pulmonary x ray films. The functional values were mostly slightly lower than predicted values and the most reduced index was the mean expiratory flow, FEF2,75%.
The decrease in forced expiratory volume in one second (FEV,) was often parallel to that in forced vital capacity (FVC), but it was more pronounced for subjects who had worked underground, for smokers of more than 30 pack-years, and for subjects having a respiratory symptom. Pulmonary function indices were probably overestimated because of the exclusion of deceased subjects and the bias of the participants.
The Houilleres du Bassin 16 are exceptions), and there has been little research concerning retired workers. Therefore, we know little ofthe long term effect of occupational exposure on health, especially after retirement. Moreover, mortality from respiratory disease in the elderly may be linked to impairment of lung function. 4 The aim of this work was to study the long term effect of occupational exposure on lung function in retired coke oven workers from the HBL. This work is part of a study on mortality and morbidity in survivors. '7 It continues a previous study carried out in 1983 on mortality which showed an excess of mortality from lung cancer (standardised mortality ratio (SMR) = 2 51) with reference to the French male population. '8 Material and methods The study sample consisted of all the male workers from the two coke oven plants who had retired between 1 January 1963 and 31 December 1982 (536 subjects) and who were still alive on 1 January 1988 (354 subjects). They were born between 1902 and 1935. Executives were excluded from the study.
The subjects were asked to attend a medical examination at the firm's occupational health centre. The protocol included a standard questionnaire, conducted by the occupational physician, concerning diseases treated or followed up for more than five years (cardiovascular, respiratory, digestive, infectious, and psychiatric diseases, traumas, cancers, etc), the questionnaire for the study of chronic bronchitis and pulmonary emphysema of the European Steel and Coal Commission (ECSC) of the EC,'9 and the notion of "regular overconsumption" of alcoholic drink. Because of low numbers we did not distinguish between smokers and ex-smokers. The respiratory symptoms taken into account were chronic bronchitis defined by a daily cough and phlegm for three consecutive months each year over a period of two years, wheezing or chest noises heard daily, day and night, and dyspnoea classified into five stages.
To be aware of the respiratory symptoms in the period nearing retirement we sought information about cough and phlegm (considered separately) observed for more than 10 years. For the subjects who participated in this study, the mean duration between the date of their retirement and the time of the study was 11-6 (SD Each subject's job history was broken down into a succession of occupations for each of which were defined: the date ofthe beginning and the end of each occupation, the job itself, the work place (on or near the coke ovens, the washing plant, the workshops, underground, the thermal power station, etc) and the occupational nuisances-for example, the dust, gas and fumes produced by the coke ovens, coal dust, other particles, paint, welding, gas, smoke, benzol, phenol, sulphates, pitch, and tar.
The analysis of the jobs held during their careers showed that almost all of the subjects had one dominant job. This led us to define six types of homogenous exposure with each subject being classified in the exposure group that corresponded to the longest period of exposure when this period equalled or exceeded five years. The six were:
( The figure shows that almost half of the subjects (45 9%) were aged between 60 and 64 and about one third (30 3% ) between 65 and 69. The mean age was 65-9 (SD 5-0). Table 1 shows the profile of different occupational exposure groups. Long exposure to several types ofexposure was rare. The total duration of exposure to occupational hazards was 17 5 years for the underground group and about 23 years for the other exposed groups. It was only 1-4 years for the non-exposed group.
The age of non-exposed subjects (66-6 (SD 5 2) years) was close to that of each exposed group except the underground group (64-0 (SD 51) years; p < 0 05); this difference is explained by the fact that subjects who had worked underground retired earlier than subjects who had worked on the surface. The mean height was 1 68 (SD 0 07) m. It was possible to determine smoking for 92-6% of subjects; 90 7% of them were smokers or ex-smokers and 55-6% smoked more than 20 pack-years. Smoking did not differ significantly between each exposed group and the non-exposed group. Duration of different types of exposure (mean (SD) (y)): Ovens 0-1 (0 6) 13-5 (6-1) 0-4 (1 1) tThe examinations could only be conducted on 146 subjects (63 2%). The number of subjects who had a radiological examination is in parentheses.
Comparison of means, comparison of frequencies, and homogeneity test between each exposed group and the non-exposed group (except for the duration of exposure where the difference is obvious). *p < 0 05. The number of subjects is in parentheses.
Comparison of means between each exposed group and the non-exposed group, each group of smokers and the non-smokers, and subjects who had a respiratory symptom or discrete abnormalities on the pulmonary x ray films with the other subjects, except for dyspnoea. (16) 71 (37) Ovens (30) 91 (21) 91 (26) 100 (12) 86 (42) N ovens (67) 87 (16) 86 (21) 98 (14) 77 (38) Workshops (34) 92 (14) 96 (17) 104 (10)* 90 (31)* Byprod (17) 93 (22) 94 (25) 101 (11) 85 (37) Underground (37) 87 (17) 84 (20) 96 (10) 71 ( Non-smokers (20) 93 (20) 96 (25) 103 (12) 89 (38) (17) 92 (14) 97 (18) 106 (8) 95 ( (18) 89 (22) 100 (12) 80 (36) ) 10 years (28) 84 (23) Comparison of means between each exposed group and the non-exposed group, each group of smokers and the non-smokers, and subjects who had a respiratory symptom or discrete abnormalities on the pulmonary x ray films with the other subjects, except for dyspnoea. 0p --()05; **p < 0 01; ***p < 0 001. Symptoms not taken into account The analysis concerns 214 subjects. Only regression coefficients significantly different to zero are supplied: normal type p < 0-05; italic type p < 0-01; bold type p < 0 001; parentheses 005 < p < 0-10.
For all functional indices, when all symptoms are taken into account simultaneously, only dyspnoea has a regression coefficient significantly different from zero.
ground, smokers of more than 20 pack-years, and subjects having a respiratory symptom. Because functional indices are related to age and height of subject and to-the previous risk factors, the multiple regression method was used to estimate their respective role. A linear model with no interaction was chosen because the regression coefficient of age did not differ significantly between the nonexposed group and each exposed group, between all of the exposure groups, and between the smoker groups. Moreover, no significant interaction was found between occupational exposure and smoking (table 4). In table 4 we also give the value of the regression coefficients significantly different from zero at a risk of 10%.
When we only considered age, height, occupational exposure, and smoking, the multiple correlation coefficient was about 0 50 for FVC, 
Discussion
This study required much effort to trace subjects who had left the company for several years; some had changed address or region, and some had returned to their native country. None the less, almost all the subjects were traced, thanks to direct collaboration between the Occupational Health Services, the companys' personnel management, the Regional Union for Miners' Social Security, the general practitioners, and the hospital physicians. In spite of the distance and the age handicap (often requiring the subject to be accompanied by a member ofthe family) 68-4% of the subjects contacted attended the medical examination. The reconstitution of each subject's job history enabled us to define his occupational exposure during his working life.
On the whole an effect ofoccupational exposure on ventilatory function was not found, but subjects from the workshops showed slightly better values than those from the other exposure groups. Unexpectedly, non-exposed subjects showed an FEF2575% 0-40 1 lower than the other groups (according to the regression model), but we did not find any differences for FVC, FEV, and FEV,/FVC. These results raise several hypotheses. The first is the healthy worker effect,'2"2 which was noted by Soutar and Hurley'5 in a study on coalminers and ex-coalminers. The second is due to the exclusion of dead subjects. Their frequency in relation to the original cohort'8 varied between the exposure groups (non-exposed (43%), ovens (26%), N ovens (34%), workshops (25%), byprod (43%), underground (29%)). The third is the bias ofthe participants, which should none the less be minimal because the prevalence of different diseases did not vary significantly between these subjects and the other subjects except for diseases of the digestive system and ischaemic cardiopathies.'7 Moreover, the proportion of participants did not differ sigificantly between the non-exposed group (69-6%) and each of the exposed groups (ovens (71-7%), N ovens (64 8%), workshcps (80 0%), byprod (73 9%), underground (76 9%)).
On the other hand, the subjects studied were exposed to atmospheric pollution at their workplace and sometimes at their home, which was often near the Carling or Marienau industrial platforms.28 An epidemiological study on children between 9 and 12 years old in schools situated near the most exposed zone in comparison with children from nearby "non polluted" zones showed no significant difference in ventilatory function between the two groups, but a negative effect of parental smoking and coal fired The analysis concerns 214 subjects. Only regression coefficients significantly different from zero are supplied: normal type p < 0 05; italic typep < 001; bold type p < 0001; parentheses 005 < p < 0-10. For all functional indices, when all symptoms are taken into account simultaneously, only dyspnoea has a regression coefficient significantly different from zero.
central heating was found.' 3 The nature, the degree of pollution in the air, and the duration of exposure, however, differed between these children and the subjects studied. value, the annual decrease-of the last was 0 044 1 for subjects non-exposed or exposed to a slight concentration of dust or only to gas, around 0 053 1 for subjects exposed to heat or a large concentration of dust, and 0-060 1 for those exposed to heat and a high concentration of dust and gas. We found that the change with age of the FEV, in the least exposed subjects was similar to the regression coefficient of age in our study (-0-046; the effects of occupational exposure and smoking being eliminated), despite the selection bias as previously mentioned.
Soutar and Hurley'5 looked for a relation between dust exposure and respiratory function in 1867 coal miners and 2192 ex-coal miners (the subjects were examined in 1950 and seen again 22 years later). 
